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. SUBSYSTEM SOFTWARE FOR TSTA

Lavry V. Mann, Gnrcre!t U. Clnhnrn, and Clrrl I U, Nlelsorr
Los Alamos Natlonnl Labolatoly

Los A]amos, NH flJ545

Abstract: The softwa!e m—- thp Trltlum Systpm~

Test Assembly (TSTA) is logically broken Info IWO
parts, the system suppor[ sof!vare and [lie sl}bsys!em
so f!wnre. The subsystem softwnre controlq ih~ va!lo~ls
physical subsystems at TSTA. Erich physical subsystem

Is controll~d by n s!rrgle proglam. The proglnm

con:alns a concurrmrrtly running ta<k for ●ach device
or group of slm Illar devlc~s wlthln n physlrml
■ubsy~t.~. The program Iilterscrq with the physical
hardware !htorrgh software library c~lls such as
“OPEN”, “CLOSE, - and ‘SENSE. ” These llbraly calls nfe
provided by [he system support softvar~. Th@ varIrrus
tasks of n subsyst~rn program communtrrtre with the
‘mmln” task end the outside wolld !hlrr!!gh V81 IOIIS
global modes and status varlmbles. By <cmrmunlcatlrrff
~n this highly struc!uled vay the pnssibllty fol ● rror
Is reduced. The lnglc of subsy<!pm software IS
specified by n vcrslon of the PJ:tqsl Schneldermnn
structured flowchart method ●nd machine translated to
●rrecutabl~ code.

The Stlhsystem Crrnttr-il Suftwnr~ at !h~ Trl[lttm
Systrm Test A*sembly (TSTA) mu<! rnnt!ol soph~stlcated

chemical processes !hrn!ch the phytlcnl ol}~rn!lon of
valvcg, motor controllers, gas sampllng devices,
thrrmocouplp~, pressure trausrlllcel s, ~nd slmll ai

d?vlr~-. Slich con!tol sof!wnr~ h.q~ to be cnpn!I]@ of

passlnfl ~llfnRent qualllv a?sulnllr~ (f)A) crllerla trI
provide for !he saf? hnnrlllnE ci slgnlflrnrlt nmntmrs
of trltlum nu a routine bn%l~. Since mmrry of the

rh~mlral ploce-~es and physlrnl compnnenl~ nre
expel lmental, lhe control so[twal- has to h- flex lh]c
enough to allow for ttlnl/Ql17i lenlllirrg curve, hut
Still protect the ●nvlroneent and pel~nnn-1 ftnm

●xposutr to Ilnsnfe level~ of rnftlntlnn. TIIrI ~oflvnrc

at TSTA Iq Implemnrteri In sevelal Ievrls ns clcsc;lh~rf
In a plec=cflllg pnp~r In tlies~ rrlrrrer.clltlg~, This pap~r
deprnd~ on lnfrrtmnt~nll gfv?n In the plmrncllnR pnp-r
for unrielst~ndllig, TIIQ tnp IPVFI 1. the Suhcystern

Conttol lQVQ1.

I,pvlsl (Ivpl VIQW

The St ImPKy In lmplomOntlnR !III= T9TA qrrf!wal- In
IevPl* Is to prnvlde In blntlon !MIfvrmn thrJ funr!lnnnl
frnlt. of tllc .Crflvntc’, lh* l~nlatl~n nllnw< fr,l

t-~lltlu nnrl moril(lcnflrw nf (IIP vnl Ifltlq l~velq wlIhrl IIt

unriu~ Impnct nn thm nlliel ]Pvl- 1-, Vllllllll. level.

cnmmlmlrnl* 0111y !11! ,Illqll rl*allly rrrtd rlRnlnt)~ly

d?fln~tl lntrtfncc~, tall, I-V-I pmI f(, tm. qpnl lfll-

tasks rrn npeclflc Input. nnd cutputs. (.%? alnglam ●t

●nd of papc: . )

The lnw~~t level Is tll- hat4vaic IPV-I. 1 II*

function rrf II]? hnrdvate lQVFI IR IO Rntllet rf,. tn ftom
CAHAr mnd~llcq ●nd tn rmmwnd the t’AMAf’ mrrk,llm~ 1,1
vntlrrllq qlntv-. Th? data Iq cr,lle,,!wl hy Front F.nd
Control I*IT And plncd otI an Etll~lnPt ]Ink fm :*nff17R
hy th~ I,@x I Iev?l. ThP Il?x t Im\@l, rhe [}fl(”

(:nmmuill~atlnrl~ IQVQI t?nris rfrrtn ftnn IIIP C!heln?t Ilnlr
nnri rrrII<!IIIt’1~ R datnhn!? of rnw (Ii) III!) (’AHA!’ dntn,
II nrt-errt~ (:AHA(; @xec III@ commnllds flom thr n?xt lrvml
8* Clll-rtlvmq tn pnl~ !rr Ill@ hnl dunl ● . Thm I)ntn
Crrmmltlllrnllull~ Imvml nlqo rf,)mq rlrrtn nlcl, lvlnfl hy
ntnl It)fl n qtinplhot of the Irrw rfrrtn:rnqr 011111 tho I-IIT)
otbfmn mlllitr-, ThP Jnln 1~ Inlml rt,m~io<lrl fot IIIIIR
Ietm ~tnlnne. I,rlglfnl vnt Inhlmn wlIlfl I ptr, i,lrlo .ry.lr.m

qlnl,lr Irllntmnll,)n nlm ~IllIIIIIIlcIfl I)y IIllr Imvc:, Ill.
IInfn r’8,1tve171tlol Imvol pinvldr~ Illtvl lfrte~ holuvr.t) tllr.
Ilntn l’tmmlll)lgntlt)ll ]9vml ●tId IIirt IIlb..qnlt,l 1111<%,IcI ,14
nnd !+tih~v~tmm !’f)t!tt[)l IDvmlq, At 1111~ IJIvml dnta 11

converted to and from ●rrglneef inn t)nlt.~ FIIII-I the I aw
datahnse val~, es. Tt,ls level alsn plovlties llmlt

checking and range Informntinn to the higher levels.
The Opera!crr Interfncc level provlcie~ the htlman

operntor with a wlIIrlow in!rr the c(,l)tiol svc[em.
Through this wlnctou the opr!n toi can hnth lead tile
databnse valves and qe! system pmrnmetet<. The level
●lso provides !he Subsystem Contlol I:#e] with an

frrterfnce for informing the opelntol nf varlrrtls

subsystem Informatlor, and fol retrieving frnrci IIIe
operator answers to specific stlhsystem softwal P

questions. The final lev~l is the Sul)svstem ~onttrll
letel. The purpose of this papel !~ to describe the

Subsystem Control level In ~ome detail.

The Subsystem Con~rol Level

The function of rhe snftwal~ at this level 1< to
control a specific subsys!em of the TSTA filel cycle.
The main fuel cycle consists of several Intel connected
subsystems such ●s the FCU (Fuel Cl@an Up), thp TUT
(Trltlum Uaste Trr?ntment), the TH (Trl!lltm

HonltnilnE), IIte 1SS (lsotrrp* Sepaintlr]ll Silh~y~lmm)

and others. Tlie Suhsyq!em Cont!ol level Is 01 RmI17rrl
along tl]e llnes of ihe physical Illrlrfvrr le. TIIl~ i~
advantnRenus because i n geltelnl Ihele 1< nllP

non-moftw~r~ person (I.e. n phvslcl~t 01 Cllpmlral
engineer) responslblr for ●nrh phvslcal s~lhrys[rm. F!y
r~~trlrtlllg n progtnm to denllng Vlfll !-IIIP l-lhyrlcnl

subsystpm th? snftunre rf~qignct CIIIri sllhsyrtrm rtr<l~l)ot
Interaction< nre slml.llfled. Fuitllel, tli- physlrnl

subsystems Irr[ernct vlth ●nch o!het n! v~ly cloa, ly

defined boundaries; these bounr-fnllrs hpcnme nattllrrl
plmces to suhdlvlde the 9oftwnlP, En[ll pllysl{nl

subsysrem Is fulthel suhcllvldrcf Into “’components”.
Foi ●xnmple the TUT contnln~ n? componenl~ {IIP Lnv
pressllre Receiv@r, th~ Compressnls, the HIRh Pies?tlle
Rec-lver, th? Holstute collcc Irr I~ nnri th~ Rnt-llntlnn
monitol~, Th~ sof!vn[e thnt controls tile TUT mlllots
:h~ physlcnl rlecompn~ltlon Into cnml,nl)r.lt[q. TIIe
operating syst?m on tho rrlOCPl!i cnmptltprq nllows

mull itnsklng with n slngl? frlnrpv~, ( [)11 mobP
I?stl lcl~d operating vy~lmms ●ncll tnsk ~nllld hmcrrme nil
●ctonomoug ploc?ss, ) The softwal~ 1II ●nrll tnsk

con!rrls on~ compon~nt of thp gllh~y.:!rm, Thes? tn~bs
ate ~lrrupcrl to[?(h~r to fnrm n ~llh~ystr.m pInreq<, tl}r
ptontnm thrrt Is le3ponslhlc frrl crrlltlnllltlg nll
individual sub~ystem,

TIIP cnmmunlcnt loll Iwtwepll ptnr~q~rs Iq II IplIIy
restricted, Thm comm{lrllcntlnn IS ci(jIIP tlltnljRll lr,fllrnl
mnflhnx~q. Uhen a plmre~~ tl~?d~ Itlfnimatlnr] shnlll tlim
nttittl~ nf nrrothcr nubsyst -m, It Illlrfq tltn! ltllolmntl(~tl
by rwttilnc OIIQ nf th? vat lolls Slrrtlln mnl llIrIvrs
bclnnElnR to thnt s\lh~y_t*m, The TP mnlll,o.o~ mr bmpf
~n th~ m-moty of tl)e plnr.c~s romplllml nllrl Ilprtnlm(l III
th? nrcmniy rrf lh~ qt”f,rfhy compillol PVPI y !(1 qpf 011,1.,

ThF mnl!hox cnntcn!q nlp nlso WI 1111,11 t,, IIIm xr.l)nl,lt~
dlqb~ ful ntrhlvlr]R nl!rc n mll}tllo, Tllolrfolr !IIP
Poflwn,- of rrn~ suh~y~!em rir)m~ nrl! rfl IPr IIy Illtmlm,t
ulth III- noflvnl? of nlif)!t)~l xi)l)qyqt~m,

,A.I @n rxnmple, III IIIC Tb’T pl,)rm,r tl,,. pIIIro o:. P;IT

fnn[ 1- l*?rlvPrl mny rt~rlt.till <II mil(lt Id! Idtifil t, ltlIIm
thnt thm TU’t cnllnnt ntloqllntmly tlPn,II,l] 111) tllo 1)1,,, ,.. y
nttmam III r,I* pn-~, Ilnthmt tllnll Inlvn?n Illlliim t,I
:Ile TInfk, thm TW’I RIIr. ? Illtn I-I yt IV nj,),lt,, nill Ill
t*tyrle mi)rlm tlIrI TW vrIII 1.1 pIelr+I II,, t 1!1 IPI,.I,JI, nil,;
mutrn Bn7 Ir) pttjtr.?.:, 111- Rll)v,.llllv,.. VIII! II 01 r Ill! flol
IOIII;(B1 nf the IH Iltofllnm n)- IIIIII,PWII I,! II EIIIU l,, II I,,
TUT, h,)w tllnl Ille Iul 1~1 Ill IP(vllr II, r Illllplllu
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shc)ulrt be slopped. There is a contlnl for ench

glowi-lrrx, vh)ch if set, wnlllcl Inhlhi[ !IIO purg]ng 0[

the Rlovehnx. Now thQ ques[lon Is whrr shnlllrl be
responsible for [he se!!lng of this contlol? In a
systcm where the In[ernctlons me no! Ies!rlclerl the

TwT migh[ se! the cont[ol. In stlch a system the

numhpr of ptourams thnt cnn access and crrntroi a
single conl, ol point is variable. Thi< makes teqtlng

the control nlgori!hms Cliffictlll h~c~!ls- of the (often
unanficipatd) Internctlon nmo!iR stlhsystems. At I“STA

the in[eractlrrn is sufflcientlv te~tllcled so !hnt
only one process can exclcise con[rol over nny Riven
control point. So when the TVT goes Into recycle, It
sets a stat{ls mailbox to tbnt wffect. Th@ TM program
■onitors that mailbox and se!s the glovei~ox to inhibit
the purge. In this way the TM program can be ~eslcd
without the presence of tile TUT proglam.

Duling sub~ystem software testing the mailboxes
can be set at Ihc Operator Interface level to simul~te
the conditions that need to be testri. Anot her
benefit of the process independence is the possibility
of placing s-paral~ proces9e9 on sefrnrmtt c~mputcrs in
# multl or distributed proce~sing ●nvironment. In a
similar manner th~ Interaction between subsystem tasks
1s restricted This is of great Importance khen
testing. Just as n subsystem process crwld be !ested
independent of o!h~r processes, Irldividun] tnsks can

be test?d indep~nrfent of o(her tasks. Sn te9ting
occurs on n physicai comporrmt hrr~is. For ●nch tnsk
(physical crrmpnnent) a sof!wate test plan is Rencrated
within the QUAIIIY Assulancc (OA) program, Vhcn th~

test Is ●xecut?d the r@clllts nrP rerolrl?d

V:::: ri ate OA fjle,

in the
A[ter a suhsyst@m has been OA

any changes maJe !0 tile so ftvare must go

through the QA department.

The suhsystern software is wli!ten in structured
flnw chnr! speciflcation~ I)nsecf on Nnssi-Schneidclmnn
(N S) chal!s. These specification~ gerwt ate grnphical

repr?sentntions of th- col)tlol nlgcrl I(bms !hnt cnn be
read by lhc subsystem designers who ale not trained in
any ptogrnmming language. Thr nr’lual illfI(ll of the

algorithm~ i~ done in n spt=ciniized lanRung@ vhjch
Renerntes both the ~tructtjted f lnv Ctnl I nnd

compllabl~ code, By thi9 r~ans, no mnnual cbeckin~ of

the al Rorithm is n?cessnty ?XCQP( III thp fol mat of !he
flow chart Ilself. in the pl-sellt Implementation, !IIF
cnde genern! ion is Ihrough [wn st+p=, fllst tn RATFIIR,
nnd tlI~I1 tllrollgh the RATFOR pr?plnc~s~nt to compi]ah!~
FORTRAN . This on?- fnlmnt reple~*ntntir~n nf r h?

algorithm< is a mp )nl Inctot i II Ihe ea9Q of

mail) tnining and tierifylll@ soflwnl- at TsTA.

In the refining process it is noted !hs! tlje
subsyst~m Is composed of val iouq pal IS, fol il!~tan,e a
compressor, n filtel and a molpcular SICVP bed, 50

the chnrt then becomes

Subsystem Process N-S Char!
----- . . . . . ..- - ------ .-..

I control filtel
I conttol mole sieve bed ~
I control crrmprrssrrt I
, --------- -.. ..-— ----- ‘

Now the filtel, mn]~ctllnt .siPu P h~d anti

cr-mpresser ale not controlled jttst once, but 011 n

cyclic basis.

Subsystem Process N-S Chm t
..-_ ------- .._. ..-—- ---- .

I While SUBSYSTEII.HODE . RUN-i
. . ..__ ------ —---- ------- --

I I controi filter I
I I control mole sieve be[i I
I I control compressor I
---- -------- . ---- ----- ---- -,

This gives an ●xnmple of an I(elative 1(’np.
Adding more detail to the compressor con!rnl result-
in.

S!ih?ystern f’r”cess N S Chalt
,---- .

I While SUBSYSTEH.HODE - RIJN-”-
. . . . . . . . . . . . . . ---------- . . . . .

I I conlrol filtel

I I control mnl~ sieve

I 1---- ----------”---’”------”’
I I WtAT IS compressor shell Iempetaltlle ?

I I > loon i > 5(11) \ Othrl

I l--------------------l ------’ -1
I I turn cnmpr?ssor off I watn opcralol I
I I warn operntnr

I l--------.------------ !---””--”-- -“’
I I furth,:r cornp tessor rontlol
8- ------- —----- -----

The rw strurttl~~ i~ n multiuay htnnrh, II f,he
compressor temperntur~ is great~[ than lfUUI !ll@n i! i<
nlso greater than 50{]. The second htal),l) in not tnken
because the multivny hl-,lch !nlre~ th? firql f~,,o
branch. If the tcmpotnt ● ie gIPm-t Ihnll 50!) mId
legs thn,l rsr equal tr, I()(](J, then thP -rJ!-nllrf Illallrll
will be tak-n, The “~?th~r’” btn!lch i. niwrtvq tluc arid
vill be takr~n if th~ r~m~,era!ur~ i~ Irqq thnn or riqllni

to 5fJ(l.



Compressor control NS Cllnrt
,...._. .--..-— .—_--...
I UHAT IS compressor shell Iernpetat;!;; ? ;

1 > lnoo I > 5W I Lrtl,e, I

1----------- --------- l-------- ------1 I
I !utn cnmpr?ssor off I
I warn opeta!or I warn npelalor I I

l ------------------------ ---- ---- . . . . I
I fulrher compressor control

~-----. -—.- ------ ---- . . . ---- —..- ------ .-—. . . . .

;he N-S Chsrts become the focal poln[ of t;le
software OA. ChnnKes 10 the subsystem softwar~ Is

described in terms of N-S cllnrts. All sllch changes

are pns~ed before a review boatd prior to
impi~merrtatlon.

The Sul)syslern Con!rol level lnlernc!s vith the
lower levels In a very structured rnnnner. For
●xnmplr=-, all TSTA parameters arc speclflerl In t tle
suhsystern rnntrn] *oftwnre ns ~yml)nlir con~!an”q I Ike

“TVT-P_LFRl “ (the reading of the plessul- in he TUT
low p~essure receiver). The suhsystern inter acis with

the Data Conversloll level !hrollgh “SEtJSF” nnrl “SET”
commands. The d?talls of how (he Infolmaflnn 1s
gatllered ftom the CAHAC modules Is hidden flnm the
Subqystem Cnntrnl level. By hirting the rffitrtlls of how
TSTA var!abl?s nre rend and set, !he subsystem control

aoftvare call be vrlt!en nnd verl fled mole ●asily.

The S(,hsystem control level intcrncts with the

human operator through Ihe Opera(o! Int=l face level.
The operator can be informed 0[ ●qtllpment fall llre
(such as a valve that fallcd tn close), m,d of
subsystem parameters and Stntus. The operator

Interacts with the subsystem software hv the SetIIIIU
of vallous logical mailboxes that the subsystem rearts

to determine which mode to run ill, 01 vha! pa[h to
[ake, or what components should be put offline fnr
■aintenance. Because all suhsys!em paiametel~ ale

kept in mailboxes and the Data Commtlrllrat IJn lev~l IS
keeping both process computer’s mnilhnx dataha<e
current , ~Omptlter swltchover IS painless. Earl) lc=vel
is brought up nncl the Subsystem Control level IT
started last. Vhen started It finds all !Ile peltitJrllr
data in the mailbox database and maintalnq the same
subsystem s!ate as un~ on th~ other process compilter,
The physical cf)mponents are nn! peltultrnterl by the
computer svltchover. The switchover orocess take<
about 2 minutes.

Conclusion>

The ●dvantages of Implemerr!lng the TSTA cnn!rol
softwale In vario{ls levels hn~ been stn!ert.
Implementing the Subsystem Control level !n such n wny
as to Isolate ●ach subsystem proces~ has -PUP! al
●dvantage~. It plovldes a much needed mcrrfu]arizatlon
to keep ●ny given program to a manageable size, Sll}ce
physical components can only be controlled from one
subsys!em process, access contlol In tllo phvelcal
devices Is remdlly l~iiplemented. Sllhcysrom snflwa,e

debugglnq and verification of n pnltlculal s~ll)zystem
can be dcrnc independently of other s(lhrvstem~. By
keeping !he subsystem !nteractirrn IO n mlnlrnal amn(lllt,
the amnunt of t,atln~ needprt [O vellfy C(,I Icct
snbsvstern integration Is reduced. B} fill thol r@ftll,illfl
a subeystern process snftware Inrn atl!,,nomnu~ fnsb’<,
the plocess of control algollthm spetlflrrttlnr) and
~cstlng is made ●asier.

TSTA SOFTWARE LEVELS

‘~
COMMUNICATION CANOCCUR

ONLY BETWEEN ADJACENT LEVELS


